
Ho ^ i ftob 

^ WORLD INTELLECTUAL PROPERTY ORGANIZATION" 

p>f J International Bureau 

INTERNATIONAL APPUCAT^^USHEOUN OEE THE PATENT COOP ER ATE "'^^ 



; (51) international Patent Classification 4 

i 

I H02J 7/00 



Al 



(1 1) International Publication Number: 
(43) International Publication Date: 



5 April I990<0:.04.90) ! 



(21) International Application Number: PCT/US89/03462 

(22) International Filing Date: 16 August 1989 (16.08.89) 



(30) Priority data: 
252.294 



30 September 1985 (30.09.88) US 



(71) Applicant: MOTOROLA INC [US/ US] 1303 East Al* 
gonquin Road, Schaumburg, 1L 60196 (US). 

(7-) Inventor: BORRAS, Jaime, Andres ; 8545 N.W. 177th 
Street, Hialeah, FL 33015 (US). 

(74) Aoents: PARMELEE. Steven. G. et al.; Motorola. Inc In- 
( } ulleaual Propenv Dept.. 1303 East Algonqu.n Road. 
Schaumburg. IL 60196 (US). 



'81) Designated States: AT (European patent). AL BE (Euro- | 
1 } pcln patent). BR. CH (European patent). DE (European , 

oateni) DK. FR (European patent). GB (European pa- 
e f iT (European patent). J P. KR. LU (European pa- 

teno! N L (European patent). SE (European patent. 



Published 

Vtlth international search report. 



(54) Tule: BATTERY AND CHARGING SYSTEM JHEREFOR_ 

r ~ 78. I I r--i ( 

1 Vn —^-4— DISCr 



38 



37^ 



BATTERY 
SAVER 



REG. 



C + 



'36 



DISPLAY 
7~ 



34' 



26 



16 



MP 



31 



66 



I I 

-Mi 
TV 
1 1 



DISCHARGE 



-O B + 



68 



6^ 

J4 



B+< 



A/D 



MUX 



A/D 



93 C 

14 
14 



'18 



ROM 



-20 



RAM 



EEPROM 



32 



24 



1 1 

— 

11 ) 42 . 

' ' 62 vJ / 

I* 11. 
I' 46 

1 1 V. 
1 1 
1 1 
1 1 
1 1 
1 1 

11 24 

1 1 r — L 
1 1 
1 1 
1 1 



80 



J 



82 



PROGRAM- 
MABLE 
CONSTANT 
CURRENT 
' SOURCE 



A/0 



1 1 V 



I 76 







48 



■ B + 



44 



POWER 
SUPPLY 



22 



I I 



KEYPAD 



MP 



50 



ar 



84 



DISPLAY 



•52 



ROM 



54-^ 



RAM 



EEPROM 



56 



60 



58 



(57) Abstract 



JO 



CO 



o 
o 



/re- 
ihc 



battery (10) thereby maximizing 



batten-- life, while avoiding the "memory effect" problems of the prior an. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used 10 identify States party to the POT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


es 


Spain 


AU 


A ustmlia 


n 


Fin bod 


B8 


Bat bad os 


FR 


France 


BE 


Belgium 


GA 


Gabon 


Bf 


Burkina Fasso 


GB 


United Kingdom 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IT 


Italy 


BR 


Brazil 


JP 


Japan 


CA 


Canada 


KP 


Democratic People * Repubbc 


Cf 


Central Afrtan Republic 




of Korea 


CG 


Congo 


KR 


Republic of Korea 


CH 


Switzerland 


U 


Liechtenstein 


CM 


Cameroon 


LK 


Sri Lanka 


DE 


Germany. Federal Republic of 


UU 


Luxembourg 


OK 


Denmark 


MC 


Monaco 



MG 


Madagascar 


ML 


Malt 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway ' 


RO 


Romania 


SD 


Sudan 


SE 


Sweden 


sas 


Senegal 


su 


Soviet Union 


TD 


Chad 


TG 


Togo 


US 


United States of A trier 



/ WO 90/03682 



PCT/US89/03462 



-1- 



10 



BATTERY AND CHARGING SYSTEM THEREFOR 
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15 



Technical Field 

■ This invention relates generally to rechargeable batteries 
and battery chargers, and more specifically to a cooperative 
rechargeable battery system for facilitating battery recharging, 
while optimizing useful battery life. * 



Background Art 

Portable devices routinely depend upon batteries as a 

20 power source. To ease battery replacement costs, rechargeable 
batteries have found wide utility in powering contemporary 
consumer and business products. For example, nickel cadmium 
batteries may be repeatedly used to energize computers, radios, 
pagers and other such devices. As is known, rechargeable 

25 batteries may be readily re-energized after use (discharge) via a 
recharging unit. 

A particular problem with rechargeable batteries, however, 
arises when the battery (or the cells therein) are repeatedly 
subject to a full recharge after only a partial or incomplete 

30 discharge. For example, if a product powered by a rechargeable 
battery were used only a portion of each day, and the batteries 
were allowed to fully recharge each evening, the batteries may, 
overtime, develop a voltage depression phenomena (commonly 
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referred to as the "memory effect"), which may reduce the 
battery's useful capacity. 

To avoid the "memory effect", some designers of battery 
charging systems prefer to fully discharge a battery prior to each 
recharging cycle. However, this technique reduces the useful life 
of the battery since a rechargeable battery may only be fully 
discharged and recharged a limited number of times. Thus, by 
unnecessarily discharging a battery prior to recharging, reduced 
battery life may be balanced against avoidance of the "memory 
effect" problem. Accordingly, a need exists in the art to provide a 
method for avoiding the "memory effect" problem, while 
optimizing useful battery life. 

Summary of the Invention 

Accordingly, it is an object of the present invention to 
provide a battery and charging system that avoids the detriments 
of the prior art. 

Briefly, according to the invention, batteries are constructed 
and arranged to retain a historical record of their use (discharge), 
capacity, and discharge/recharge cycles. This historical battery 
use data may be retrieved and analyzed by a charging system to 
optimally recharge the battery thereby maximizing battery life, 
while avoiding the "memory effect" problems of the prior art. 
Additionally, the historical battery data may be accessed by a 
device being powered by the battery so as to provide the device 
operator with information regaraing the battery's capacity, useful 
life, and inform the operator when recharging is required. 

Brief Description of the Drawings 

Figure 1 is a block diagram illustrating a preferred 
embodiment of a battery and charging system in accordance with 
the invention; 
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Figure 2 is is a block diagram illustrating another preferred 
embodiment ot a battery and charging system in accordance with 
the invention. 



5 Detailed Description of the Prefe rred Fmbodiment 

Referring now to Figure 1 , there is shown a battery (10) 
and a charging unit (12) in accordance with the present invention. 
The battery (10) is comprised chiefly of several cells (14), which 
collectively form an energy storage means. Additionally, the 
10 battery (10) includes a controller (or use monitor) comprising a 
microprocessor (16), which communicates via an address bus 
(26) and a data bus (24) with a suitable amount of read-only 
memory (ROM) (18), random access memory (RAM) (20), and 
electronically eraseable programmable read-only memory 
1 5 (EEPROM) (22). Preferably, the microprocessor's operational 
instructions (program) reside in the ROM. while semi-permanent 
and temporary information may be stored in the EEPROM and 
RAM respectively. 

Typically, one or more temperature activated fuses (28) are 
20 employed in conventional batteries to provide protection in the 
event that the internal temperature of the battery should rise 
above a predetermined level. According to the present invention, 
one of these fuses may be used to measure the rate of current 
discharged from the battery by measuring the voltage drop across 
25 the internal resistance of the fuse. Thus, the battery (10) is 
preferably provided with a multiplexer (30). which routes the 
voltage present on each side of the fuse (28) to the 
microprocessor (16) via an analog to digital (A/D) converter (32). 
Further, the multiplexer (30) is coupled (31) so as to enable the 
30 microprocessor (16) to determine the present battery voltage. In 
this way, the battery (10) may determine its discharge rate, and, 
while in use, may provide a user with information regarding the 
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battery's capacity, useful life, and inform the user when a 
recharge is required via a display (34). 

Each of the above described components are powered by 
the battery itself using either a regulated (36) or unregulated (38) 
5 version of the battery's energy. Preferably, each of the battery's 
active components are constructed using complementary metal 
oxide semiconductor (CMOS) technology, or comprise other 
suitable low current drain devices. According to the invention, the 
battery (10) is provided with a battery saver (37), which may be 
1 0 activated (39) by the microprocessor (1 6) so as to conserve 
energy. Preferably, the battery (10) of the present invention 
activates the battery saver (37) after completing communication 
with the charging unit (12). Further, when powering a battery 
powered device, the battery saver (37) may be activated either 
1 5 independently or in response to an operational status of the 
battery-powered device. That is, should the battery powered 
device enter a low current mode (i.e.. standby), or be switched off, 
the battery saver (37) would be activated in response thereto so 
as not to be consuming battery power. Conversely, should the 
20 battery (10) be in the battery saving mode at a time when the 
battery powered device enters a higher power consuming state 
(i.e.. transmitting), the battery (10) leave the battery saving mode 
to monitor the battery powered device. In this way, battery use 
(discharge) history data may be generated and maintained 
25 without unduly consuming energy. 

. Referring still to Figure 1. the charging. unit (12) may be 
seen to be controlled by a microprocessor (50). which 
communicates via an address bus (58) and a data bus (60) with a 
suitable amount of ROM (52), RAM (54) and EEPROM (56). 
30 Additionally, the major elements of the charging unit (1 2) include 
a programmable constant current source (46), which may be 
programmed (48) by the microprocessor (50) to provide at least a 
rapid charging current and a trickle charging current, and a 
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discharge circuit (68). which is constructed and arranged to 
reduce any energy remaining in the battery (10) to a sufficient 
level to avoid any "memory effect" problems after recharging. 
As can be seen, the charging unit (12) interacts with the 
5 battery (10) at five contact points. Initially, a common ground or 
return (40) is established. Also, the charging current is presented 
to the battery at a second contact (62). As is known, within the 
battery (10) a diode (64) is employed to prohibit unwanted 
discharge of the battery. A separate discharge path is provided at 
1 0 a third contact (66) when a discharging current flow is required. 
The remaining two contact points provide information which may 
be used to facilitate the charging of the battery. To determine the 
charging time, it is known to employ a thermistor (70), which may 
be biased by a resistor (72) in the charging unit (12). The voltage 
15 at a sensing contact (76) may be digitized (74) to enable the 
microprocessor to determine the internal temperature of the 
battery. Further, by taking two or more such measurements over 
known time intervals, the rate of the battery's temperature rise 
(charging rate) may be determined. Moreover, other information 
20 regarding the battery's charging requirements may be provided to 
the charging unit (12) via a serial communication link (78) (which 
couples the microprocessor (16) of the battery (10) with the 
microprocessor (50) of the charging unit (12)). In this way, data 
representing the battery's identification code, model (or battery 
2 5 type) code, past charging history, and past use (discharge rate) 
history may be provided to the charging unit (12). Of course, after 
the battery has been recharged, the battery may communicate 
with a device, such as a two-way radio, via the serial 
communication link (78). 
30 Operationally, the charging unit (12) is designed to 

selectively (42) present a sufficient charging current to the battery 
(10) so as to replenish any dissipated energy. According to the 
invention, this is accomplished by first requesting data from the / 
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battery. Preferably, the data received from the battery (10) 
includes at least a battery identification code, use (discharge rate) 
information, and data indicating the number of recharge cycles 
since the last discharge of the battery (either through use or 
5 discharges prior to recharging). If the number of charging cycles 
since the last discharge equals or exceeds a threshold, the 
battery (10) is discharged prior to charging by coupling (80) the 
battery to the discharging circuit (68). Otherwise, the charging 
unit (12) determines the optimum charging time by analysis of the 
1 0 use (discharge rate) data either separately or in conjunction with 
digital representations (82) of the battery's total voltage, and/or 
measurement of the battery's internal temperature (via the 
sensing contract (76)). All or a ponion of this information may be 
accessed by and/or presented to an operator via a display (84) 
1 5 either automatically, or under the command or inquiry of the 
operator which may be entered via a keypad (85). 

By use of the historical battery charging and use 
(discharge rate) data in conjunction with information regarding 
total battery voltage and internal battery temperature, the 
20 microprocessor (50) may program (48) the programmable 

constant current source (46) to achieve a rapid charging cycle 
(i.e., minimized charging time) that will not unduly overheat or 
overcharge the battery. Thus, the useful life of the battery is 
maximized. Also, by discharging the battery only after a 
25 predetermined number of charge cycles relative to the last 

discharge, the "memory effect" may be avoided while battery life 
is optimized. Lastly, by tracking the total number of 
discharge/recharge cycles in the battery memory (22), the 
charging unit (12) and/or the battery (10) may inform (via displays 
30 (34) and (84) respectively) a user when the battery has reached 
(or is about to reach) the end of its useful life. 

At the conclusion of the charging cycle, the charging unit 
(12) may send updated charging information to the battery (10) 



via the serial communication link (78) to be processed (16). 
stored (22). and optionally displayed (34) by- the battery. Such 
information may include, but is not limited to. incrementing the 
history of total discharges; incrementing the number of charges 
5 relative to the last discharge; the total charging time; and. the total 
battery voltage after charging. All or a portion of this information 
may be accessed by and/or displayed to a user during use of the 
battery. Of course, in accordance with the invention, this 
information may again be retrieved, processed, updated, and 
0 stored during the next charging cycle. 

Referring now to Figure 2, an alternate arrangement of a 
battery (10') and charging unit (12) is shown. As. can be seen, the 
battery (10') of Figure 2 includes a microcontroller (130). which 
preferably comprises an MC68HC11 microcontroller 
5 manufactured by Motorola, Inc., or its functional equivalent. In this 
embodiment, the microcontroller (130) communicates via a serial 
link (78') with a microprocessor (100), which is controlling a two- 
way radio (102) that the battery (10') is powering. The 
microprocessor (100) of the two-way radio (102) also 
0 communicates via an address bus (104) and a data bus (106) 
with a suitable amount of ROM (108). RAM (110). and EEPROM 
(112). Additionally, the major elements of the two-way radio (102) 
include a transmitter (114) and a receiver (116), which may be 
selectively (118) coupled to an antenna (122) via an antenna 
15 switch (120). Optionally, the two-way radio (102) may include a 
display (124) and a keypad (126). Preferably, all major elements 
of the two-way radio (102) are powered by a regulated (128) 
version of the battery's energy received at a contact (66'). To 
conserve power, it is known to employ a battery saver (127), 
30 which may be activated (1 29) by the microprocessor (100) to 
enter a low power mode. According to the invention, the 
activation, deactivation, or other operational mode variations of 
the radio (102) may be communicated to the battery (10') via the 
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serial link (78'). This information may be used by the battery (10') 
to more efficiently monitor the radio's use of energy. 

The microcontroller (130) of the battery (10') is powered by 
a regulated (132) version of the battery voltage, and includes a 
5 memory (130") for storing both charging history and use 

(discharge rate) data. By accessing this data, the radio (102) may 
provide information to an operator via the radio's display (124). 
Also, information calculated by the microprocessor (100) of the 
radio (102) may be stored within the battery by sending it to the 
10 microcontroller (130). Additionally, the microcontroller (1 30) 

includes several conversion ports (130'), which receive each side 

of a protective fuse (28), which is typically included in batteries to 

protect the cells (14). Also, the microcontroller (130) coupled to , 

the diode (64). which, in this embodiment, enables the 
1 5 microcontroller to determine the present battery voltage. By using 
this information, the microcontroller (130) may determine the use 
(discharge) rate of the battery (10'), and may display information 
regarding remaining operational time to the operator. 

To conserve power, the battery (10') may enter the battery 
20 saving mode after determining that the discharge rate of the 

battery has met or fallen below a given threshold. Alternately, the 
radio (102) may inform (78') the battery (10') that the radio has 
been switched off or entered a low power mode (i.e., standby). In 
this way the battery (10') may enter the battery saving mode either 
25 independently or in response to an operational status change of 

the radio. Conversely, should the battery (10') be in the battery ^ 
saving mode at a time when the radio (102) enters a higher 
power consuming state (i.e.. transmitting or receiving), the battery 
(10') may leave the battery saving mode to monitor the battery 
30 powered device after receiving a status change message from the 
radio. In this way. battery use (discharge) history data may be 
generated and maintained without unduly consuming energy. 
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Preferably, this information may be used later by the charging unit 
(12) to facilitate charging in accordance with the invention. 

After use is complete, or after informing the two-way radio 
operator of limited remaining battery energy, the battery (10') is 
5 coupled to the charging unit (12) to replenish the battery's energy. 
Preferably, the microcontroller (130) of the battery (10*) also 
enters the battery saving mode after completing communication 
with the charging unit (12). During charging, the two-way radio 
(102) may remain coupled to the battery (10') or may be removed 

10 so as to remain in service by using another battery. The charger 
(12) operates as discussed above in conjunction with Figure 1, 
except that the microprocessor (50) of the charging unit (1 2) must 
retrieve (and/or store) information from the microcontroller (130) 
of the battery (10*) via the serial link (78) as discussed above. In 

1 5 this way, the cost, size, and weight of the battery (10') is reduced 
by employing a single microcontroller to control data gathering, 
storage, retrieval, and processing. 
What is claimed is: 
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1 . A method for charging a battery, comprising the steps of: 

(a) receiving data from the battery; 

(b) processing at least a portion of said data to 
determine at least whether the battery should be 
discharged prior to charging; 

(c) discharging the battery when step (b) determines 
that the battery should be discharged prior to 
charging; 

(d) charging the battery. 
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2. The method of claim 1, wherein said discharging step 
comprises the step of reducing energy stored in the battery to a 
predetermined threshold. 

3. The method of claim, ^ l wherein said processing and 
determining step comprises: 

(bl) processing at least a portion of said data to 

determine a value representing when the battery 

was last discharged prior to charging; 

(b2) determining to' discharge the battery prior to 

charging when said value at least exceeds a 

threshold. 
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4. A battery, comprising: 

energy storage means for storing energy; and, 
means for storing data representing at least 
charging information. 

5 
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5. The battery of claim 4, which includes means for 
monitoring said energy storage means and for generating said 
data representing at least charging information. 

5 S. The battery of claim 5, which includes display means, 

coupled to said monitoring means, for displaying at least a portion 
of said data representing at least charging information. 
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7. A battery, comprising: 

energy storage means for supplying energy; 
means for coupling the battery to a device; 
means for monitoring said energy storage means, 
5 and for communicating with said device; 

means responsive to said monitoring means for 
temporarily reducing dissipation of said energy storage means. 



c 
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8. A battery charging apparatus, comprising: 

means for receiving data from the battery; 
processing means for processing at least a portion 
of said data, and for determining whether the battery should be 
5 discharged prior to charging; 

means for discharging the battery when said 
processing means determines that the battery should be 
discharged prior to charging; and, 

means for charging the battery. 

1 0 

3 



i 
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9. In a communication system having at least one battery 
powered communication device, a method for charging a battery, 
comprising the steps of: 

at said at least one battery powered communication 

5 device: 

(a) generating data representing at least 
charging information; 

(b) transmitting at least said data representing at 
least charging information to the battery; 

10 at the battery: 

(a) receiving at least said data representing at 
least charging information from said at least one 
battery powered communication device; 

at said battery charging unit: 
1 5 (a) retrieving said data representing at least 

charging information from the battery; 

(b) processing at least a portion of said data 
representing at least charging information and 
determining whether the battery should be 

20 discharged prior to charging; 

(c) discharging the battery when step (b) of said 
battery charging unit determines that the battery 
should be discharged prior to charging; and, 

(d) charging the battery. 
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10. In a radio frequency communication system having at 
least one battery powered communication device capable of 
communicating information via a radio frequency communication 
channel, a battery charging system comprising: 
5 a battery powered communication device comprising: 

means for transmitting information over at least 
one radio frequency communication channel; 
means for receiving information over said at least 
one communication channel; 
l o means for generating data representing at least 

charging information; 
a battery comprising: 

energy storage means for storing energy suitable 
for powering said battery powered 
15 communication device; 

means for storing said data representing at least 
charging information; 
a battery charging unit comprising: 

means for retrieving said data representing at 
20 least charging information; 

processing means for processing at least a 
portion.-of said data representing charging 
information, and for determining whether said 
battery should be discharged prior to charging: 
25 means for discharging said battery when said 

processing means determines said battery 
should be discharged prior to charging; and, 
means for charging said battery. 

30 
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Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



Q FADED TEXT OR DRAWING 
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